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INTER-FIRM NETWORKS AND INNOVATION: THE DIFFERENCE BETWEEN THE
HORIZONTAL AND VERTICAL TYPE
YANLI ZHANG
SCHOOL OF BUSINESS
MONTCLAIR STATE UNIVERSITY
UPPER MONTCLAIR NJ 07043
ABSTRACT
Using patent data, this article shows how the two types of inter-firm networks in Japan -the horizontal keiretsu and the vertical one -- differ in the ways in which they influence firm
innovation. I find that horizontal networks facilitate knowledge cross-fertilization and novel
innovation but can act as a constraint upon global learning. On the other hand, vertical networks
facilitate integration of innovation along the supply chain, and do not necessarily constrain firms’
knowledge sourcing abroad.
INTRODUCTION
Japan’s economy has long been described as organized around or embedded in
networks. In times past, the web of stable, reciprocated relations among Japanese banks, firms,
and ministries was thought to play an important role in Japan’s ability to navigate smoothly
around economic shocks. Now those networks are widely blamed for Japan’s faltering
competitiveness.
–– Lincoln and Gerlach (2004)
In the current economy, the speed of technological development is becoming more
relentless and knowledge is becoming more footloose and dispersed in the world (Murtha,
Lenway, & Hart, 2001). Innovation is not the sole consequence of firms' own activities
considered individually in isolation, but also of which networks to which they belong (Kogut,
2000; Van de Ven, Polley, and Venkataraman, 1999; Zaheer and Bell, 2005). From a global
perspective, companies are putting an increasing emphasis on sourcing knowledge from a global
network (Dunning, 1995, 1996; Nohria and Ghoshal, 1997).
The distinctive system of Japan’s inter-firm networks has played a significant role in the
technological development and innovation strength of Japanese firms, but is now undergoing
much challenge in the globalized economy. The purpose of this article is to examine the effects
of the Japanese inter-firm networks on firm innovation, taking into account the essential
difference between the horizontal and vertical type of network. Particularly, I focus on the
keiretsu inter-firm networks since they constitute the most formal kind of network organization
amongst Japanese firms.
Using data on the US patents granted to the largest Japanese industrial firms, I show that,
first of all, Japanese keiretsu networks contribute positively to the technological development
and innovation of Japanese firms; but on the other hand, may be limiting their global learning,
network building, and overseas innovation. Furthermore, I show that although they have many
similarities, horizontal and vertical keiretsu represent two distinctly different models of
innovation system. They are thus different in the ways they influence corporate technology
development and innovation, and also show different propensities to engage with international
networks.

More specifically, I find that horizontal networks facilitate knowledge cross-fertilization
across different industries, but they can also act as a substitute for and constraint upon the
building of global knowledge networks. Vertical networks, on the other hand, facilitate
integration and coordination of core technologies along the supply chain, and they don’t
necessarily affect firms’ efforts to access complementary knowledge abroad.
INSTITUTIONAL CONTEXT
This research is based on the institutional context of Japan, where inter-firm networks are
pervasive. Keiretsu, also called business groups or industrial groups, are a particularly formal
representation of such inter-firm networking in Japan. A keiretsu is a grouping of affiliated
companies with interlocking business relationships and shareholdings that in effect form a
tightly-knit alliance to work toward each other’s mutual success (Dodwell, 1994/5).
There are two types of keiretsu: the horizontally connected one and the vertically
connected one. Although having much in common, in that both of them constitute a relatively
closed network of strong ties, with a high degree of reciprocation, obligation and mutual
assistance involved, horizontal and vertical keiretsu are distinctly different in the nature of interfirm connections.
Horizontal keiretsu are large inter-industry groupings of a conglomerate kind, centered
around the holding and promotional roles of large commercial banks and general trading firms,
and consist of affiliated companies in a broad range of industries. The horizontal keiretsu are set
up mainly for the financial purpose of risk sharing, helping each other in times of financial
difficulty, and protecting against hostile takeovers. Although the divisions between them have
blurred in recent years, for the period of the study, there were eight major horizontal keiretsu
(according to the Dodwell classification): Mitsubishi, Mitsui, Sumitomo, Fuyo, Sanwa, DKB,
Tokai, and IBJ. The first ‘big six’ trace their origins back to the zaibatsu before World War II.
The members of horizontal keiretsu are connected through a crossholding of shares, mutual
appointment of directors, financing and intra-group transactions.
Vertical keiretsu refer to the family of vertically linked supply chain operations that
cluster around their (usually downstream processing) parent companies and are under the
parent’s control. In contrast to horizontal keiretsu, vertical keiretsu consist of subsidiaries or
affiliates which mainly function as suppliers and distributors involved in the parent’s industry,
and the main purpose is coordination in the production of sophisticated products. Typical
examples are giant manufacturers such as Toyota, Nissan, Matsushita, Nippon Steel, Hitachi,
Toshiba. Subsidiaries and affiliates are usually controlled by their parent companies through
holding a majority share, appointing the CEO and/or other directors, supply/distribution of
products and services, and provision of production/marketing know-how and licensing. Some
vertical keiretsu members can also belong to a (different) horizontal keiretsu at the same time.
TWO TYPES OF INNOVATION NETWORK
In this section I examine the effects of Japanese keiretsu inter-firm networks on corporate
technology development and innovation. First, it is important to point out that both the horizontal
and vertical keiretsu networks have played important roles in the technology development of
Japanese firms. As has been widely recognized in the literature, this kind of relatively closed
network with strong ties generates trust and cooperation (Coleman, 1988), leads to greater

knowledge exchange in a more contextualized and useful manner, and can enhance innovation
performance (Ahuja, 2000). In the Japanese context, it has been widely recognized that one of
the sources for the success of Japanese firms is this kind of cohesion among firms (Aoki and
Dore, 1996).
However, the horizontal and vertical keiretsu, due to their underlying different nature as
described above, constitute two distinct types of innovation network. In what follows I will first
describe the horizontal type of innovation network and then the vertical kind, and their respective
impacts on firm technology development.
Although the original motive of the horizontal keiretsu is mainly financial, it has turned
out to fulfill more functions than that. Sociologically it constitutes a far flung web and a central
core to pull in large segments of the Japanese economy together (Lincoln, Gerlach, and
Ahmadjian, 1996). Technologically the inter-industry and diversified character of the horizontal
keiretsu happens to match much of the need of technological change in an era that emphasized
economies of scale and scope (Chandler, 1990) during most of the 20th century.
As we know, modern technologies are characterized by complementarities, with
technologies becoming increasingly interrelated to one another, and innovation more and more
depending on re-combinations of knowledge (Nonaka and Takeuchi, 1995; Rosenberg, 1976;
Teece, Rumelt, Dosi, and Winter, 1994). Particularly, there is a greater role played by certain key
technologies that have been termed general purpose technologies which are extremely pervasive,
and act to transform the production in a wide variety of industries, such as mechanical and
machinery technologies, electrical technologies, and most recently information and
communication technologies (Lipsey, Bekar, and Carlaw, 1998; Hall and Trajtenberg, 2006).
Given these new knowledge and technology characteristics, the network of horizontal
keiretsu spanning a broad range of industries facilitates knowledge diversity externalities and
knowledge spillovers, and provides a ready platform for innovation by fusing together different
technologies and diffusing general purpose technologies across different industries. For example,
as Kodama (1995) recounted, the joint efforts between NSG (glass producer), NEC (electronic
device producer), SEI (cable manufacturer), all of which are Sumitomo group members,
contributed to integrating the different areas of technologies for the Japanese development of
optical communications technology. Therefore, my first hypothesis is as follows.
H1: Japanese firms that belong to horizontal keiretsu tend to have higher innovation
growth than those that do not belong to horizontal keiretsu; and the stronger the firm’s
affiliation with the horizontal group, the higher innovation growth the firm tends to have.
Since international networks also may play a role in the technology development of
firms, I also consider the interaction of horizontal keiretsu with international networks in
technology development. It has been generally recognized in the literature that firms tend to
retain their core innovation activities at home and are more likely to seek complementary
technologies abroad (Cantwell and Piscitello, 2000; Patel and Pavitt, 1991; Zander, 1999). Thus,
since the domestic inter-industry network of horizontal keiretsu already provides member firms
with a mechanism for accessing complementary technologies in other industries, they are less
likely to seek knowledge or to expand their R&D network abroad for this purpose. Empirically,
this will be reflected in a lower share of international R&D in their total R&D. Thus, I have the
following hypothesis.
H2: Japanese firms that belong to horizontal keiretsu tend to have a lower share of
international R&D than those that do not belong to horizontal keiretsu; and the stronger the
firm’s affiliation with the horizontal group, the lower the share tends to be.

Turning now to the vertical keiretsu, in contrast to the inter-industry horizontal keiretsu,
whose main purpose is to assist member firms in times of need or difficulty; the purpose of
vertical keiretsu is to enable the effective coordination of complex activities along the supply
chain of some modern sophisticated multi-technology products (Granstrand, Patel, and Pavitt,
1997; Teece, 1992). Since innovation in the supply chain is driven by the needs of the scaleintensive manufacturer (Pavitt, 1984) -- the parent company, the buyer-supplier cooperation
becomes critical. From a transaction cost perspective, the buyer-supplier relations in a Japanese
vertical keiretsu can be characterized ‘benevolent’ and ‘symbiotic’ rather than ‘exploitative’
(Nishiguchi, 1994). This enables firms to undertake specific lines of innovation without having
to worry about appropriation hazards. The parent company will reward supplier innovation by
paying a ‘fair’ higher price and assuming some of the risk. From an organizational learning
perspective, the highly interconnected strong tie network in a vertical keiretsu enables close
collaboration and knowledge co-specialization between users and suppliers, with the parent
company providing coordinated routines and technical assistance that facilitate effective learning
and knowledge sharing among members (Dyer and Nobeoka, 2000). This leads to the following
two hypotheses.
First, firms in vertical keiretsu are likely to sustain a larger scale in both production and
innovation, due to the transaction cost and learning advantages. For example, Toyoda Koki, a
firm affiliated to Toyota Motor, has kept the strongest technological position in terms of US
patent grants for machine tools (Lee, 1998). Therefore, Hypothesis 3a is as follows.
H3a: Japanese firms that belong to vertical keiretsu tend to have a larger innovation
scale than those that do not belong to vertical keiretsu; and the stronger the firm’s affiliation
with the vertical group, the larger the innovation scale tends to be.
In addition, vertical firms tend to become more diversified technologically, due to the
need and ability to establish a wider range of knowledge connections across separate but
vertically linked technological fields of activity in the vertical keiretsu alliance. For example,
Toyota and Denso (one of the core members in the Toyota Motor Group) engineers routinely
work on projects together, and they have many joint patents and papers. Thus, we would expect
firms in vertical keiretsu not only to be larger and stronger technologically, but also have a wider
breath of technological specialization, as in Hypothesis 3b:
H3b: Japanese firms that belong to vertical keiretsu tend to be more technological
diversified than those that do not belong to vertical keiretsu; and the stronger the firm’s
affiliation with the vertical group, the more technologically diversified the firm tends to be.
In terms of doing R&D abroad, the substitutory role of horizontal keiretsu for
international networks does not necessarily apply in the case of vertical keiretsu. Since the
domestic network of vertical keiretsu mainly engages in the core components of the innovation
of the group, it is less likely to inhibit firms from seeking complementary technologies from
abroad. For example, one of the reasons that attracted Nissan to invest in Mississippi is to partner
with the Center for Advanced Vehicular Systems at Mississippi State University, which has
strengths in both basic and applied research related to vehicles. The University’s computational
engineering and fluid dynamics technologies helped Nissan improve its crash simulation
technology and shorten product development times. Thus, I do not expect belonging to vertical
keiretsu to have an adverse effect on firms’ international R&D activities.
DATA AND METHODS

The dataset consists of 131 largest Japanese industrial firms, which are among the
world’s largest industrial firms (excluding service industries such as banking). The US patenting
activity of these firms from 1969 to 1995 was obtained from the United States Patent and
Trademark Office (USPTO). In addition, keiretsu affiliation information of these firms is
collected from the Industrial Groupings in Japan 1994/95, published by the Dodwell Marketing
Consultants. Of the 131 Japanese firms, 95 of them are identified as belonging to horizontal
or/and vertical keiretsu, and 36 are non keiretsu-affiliated.
The dependent variables in the study are derived from the patent data. In Hypothesis 1,
the rate of innovation growth is measured by the proportional rate of growth in the number of
patents from period 1 (1969-82) to period 2 (1983-95). In Hypothesis 2, a firm’s international
R&D is measured by the share of the firm’s number of patents originating from research abroad
in its total number of patents. In a sense, it can also proxy the extent of the firm’s engagement in
an dispersed international R&D network, since it has been established in the literature that
subsidiary innovativeness depends critically on its embeddedness in the local network
(Birkinshaw and Hood, 1998; Cantwell and Mudambi, 2005). In Hypothesis 3a, a firm’s
innovation scale is measured by the total number of patents during 1969-95. In Hypothesis 3b, a
firm’s technological diversification is measured by a DIV index that is constructed based on
breadth of distribution of firms’ technological specialization as revealed in the revealed
technological advantage (RTA) index.
The two focal independent variables are horizontal keiretsu affiliation and vertical
keiretsu affiliation. Each keiretsu affiliation variable can take on five different values; it equals 0
if the firm is not part of a keiretsu group, and 1, 2, 3, or 4 if it belongs to a keiretsu, with a higher
number signifying a greater strength of tie or affiliation. This information is taken from The
Industrial Groupings in Japan 94/95 published by Dodwell Marketing Consultants. The degree of
inclination to the group is based mainly on group’s influential power (the ratio of the group’s
shareholding to the total shares by top ten shareholders), and also taking into consideration the
following factors as the characteristics and historical background of the group and the company,
sources and amounts of bank loans, board directors sent by and/or coming from nucleus group
companies, the company attitude toward the group, and the company connections with nongroup companies and/or other groups.
Besides, industry dummy variables are added to all the regressions used to test the
hypotheses, to control for different technology characteristics and varying propensities to patent
across industries. Industry controls include those for the chemical and pharmaceutical industry,
the metals and mechanical engineering, the electrical and electronic industry, the motor vehicles
and transportation industry, and the non-metallic mineral products industry.
RESULTS
The regression is limited to firms with at least 10 patents over the period 1969-95, due to
problems associated with low numbers of patents. This leaves us with 127 firms out of the
original 131. I ran four different models to test the four hypotheses respectively. The results
mostly support the hypotheses.
First, it is shown that horizontal keiretsu affiliation has a highly significant positive effect
(p<.01) on the rate of innovation growth. Therefore, Hypothesis 1 is strongly supported. This
suggests that the inter-industry knowledge diversity externalities associated with horizontal
linkages have indeed generated some knowledge spillovers and promoted a higher innovation

growth rate in Japanese firms. It shows that, the kind of diversification in the horizontal keiretsu,
although it may be financially motivated and originally unrelated, does create some synergies
and innovation benefits. This may also be attributed in part to the increased role of general
purpose technologies and a rise in technology interrelatedness across many fields.
H2 is supported at the .05 significance level, confirming the supposition that horizontal
keiretsu firms are more constrained in utilizing an international network and engaging in
innovation abroad than other firms. In addition, we also see that belonging to a vertical keiretsu
does not have a significant effect on a firm’s international R&D. This suggests that the closed
nature of Japanese networks are affecting the ability to engage in international knowledge
sourcing and geographically decentralized innovation by Japanese firms, but this seems to
mostly affect firms belonging to horizontal keiretsu and not those belonging to vertical keiretsu.
The results also show that vertical keiretsu affiliation has a highly significant positive
relationship (p<.01) with both the innovation scale measured by the number of patents and firm’s
level of technological diversification (Hypothesis 3a and 3b are supported). This shows that
vertical firms tend to become bigger and stronger, and more diversified technologically, both
because of the reduced risk provided by the link with the group, and also of the need to do so to
support the group. Furthermore, the more central is the firm is in its keiretsu group, the larger the
innovation scale and the wider the breadth of knowledge.
Some interesting sector patterns also emerge from the analyses, particularly regarding the
chemical and pharmaceutical industry, the motor vehicle industry, and the electrical and
electronic industry, with regards to their rate of technological progress, and intensity of
knowledge seeking efforts abroad.
CONCLUSIONS
This study examines the different effects of the horizontal and vertical type of Japanese
keiretsu networks on firm innovation and global learning. The results of this paper are consistent
with the literature that closed networks of strong ties contribute to innovation under certain
circumstances. Beyond that, the contribution of this paper is that it shows that although both are
closed networks of strong ties, horizontal and vertical keiretsu are two distinct innovation
systems, and they promote innovation in different ways. More specifically, horizontal keiretsu
networks contribute more to innovation growth due to the knowledge re-combination effect,
while vertical keiretsu networks contribute more to innovation scale and diversification owing to
the specialization and coordination advantages.
Furthermore, the results of this paper illustrate the difficulty of combining a closed
network in which the firm is embedded with an emergent open network, as has often been
acknowledged in the literature as due to the time and energy involved (Blau, 1974; Rowley,
Behrens, and Krackhardt, 2000). Here, the contribution of this article is that it shows that in
considering this difficulty, we also need to take into account whether the existing network
constitutes a substitute (as in this particular case the horizontal keiretsu) or can potentially be a
complement (as in this case the vertical keiretsu) to the new open network that the firm is trying
to establish.
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